The adenovirus type 12 (Adl2) early region 1 (El) gene was introduced into KB cells by using a dominant selection vector, pSV2-gpt, and over 80 Gpt+ KB cell clones were established. Three types of recombinant DNAs (gAElA, gARC, and gABA) were constructed. They contained the AccI-H, EcoRI-C, and BamHI-A fragments, respectively, of Adl2 DNA in pSV2-gpt. Five of 50 (10%) gABAtransformed cell clones, 12 of 18 (67%) gAElA-transformed cell clones, and 10 of 18 (56%) gARC-transformed cell clones complemented the growth of Ad5 d1312 (deletion in ElA) and were designated as Gpt+ Ad' cell clones. In these cell clones at their early passages, recombinant genome sequences were detected in cellular DNA and were expressed. T antigen g (the ElA gene product) was detected by immunofluorescence. The Gpt+ Ad' cell clones supported the growth of Ad5 deletion mutants in parallel with the expression of Adl2 ElA or ElA plus E1B genes. After infection of Gpt+ Ad' cell clones with Ad5 dl312, the early genes of d1312 were efficiently transcribed, indicating the expression of the preearly function of the Adl2 ElA gene. Two clones each from gAElA-, gARC-, and gABA-transformed cells were subcultured for a long period to determine the stability of the transfecting DNAs. Subculture in a nonselective medium resulted in cells which lost the transfecting DNAs. Subculture in a selective medium resulted in the selection of cells which maintained the gpt gene expression but lost the Adl2 gene expression. These results indicate that the transfecting DNA is present in an unstable state in KB cells.
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In virus-infected cells, many viral genes are expressed simultaneously or sequentially, and the expressions of viral genes seem to regulate each other in a complicated manner. In adenovirus type 5 (Ad5)-infected cells, the early region 1A (E1A) gene is involved in an enhanced expression of other viral early genes (2, 13, 19) , and the E2 gene is involved in the repression of other viral early genes (5, 6) . The introduction of a single viral gene into a cell and its expression there may bring about a better understanding of the function of each viral gene. The development of DNA-mediated gene transfer enables us to carry out such an experiment.
Recently, several genes encoding selective markers, such as the thymidine kinase gene (tk) (10, 11, 14, 22, 27) , the Escherichia coli xanthine-guanine phosphoribosyltransferase gene (gpt) (17, 18, 21, 36) , the dihydrofolate reductase gene (dhfr) (20, 28, 36) , and the carbamyl-P synthetase-aspartate transcarbamylase-dihydro-orotase gene (7) , have been cloned into plasmid DNA The pSV2-gpt vector was provided by R. C. Mulligan and P. Berg. The gARC and gAElA DNAs were constructed by insertion of the Adl2 EcoRI-C fragment (0 to 16.4 map units) and the AccI-H fragment (0 to 4.7 map units), respectively, into pSV2-gpt at the same site. A schematic representation of the recombinants is given in Fig. 1 .
Cell transformation. DNA transfection was carried out by the calcium phosphate procedure described previously (8, 30, 34) . KB (17, 18) . The selective medium was Eagle minimal essential medium containing 10% calf serum, xanthine (250 ,ug/ml), hypoxanthine (15 ,ug/ ml), L-glutamine (150 ,ug/ml), thymidine (10 ,ug/ml), aminopterin (0.5 ,ug/ml), and mycophenolic acid (25 ,LJg/ml).
Detection of viral DNA sequences in transformed cells. Viral DNA sequences were detected in transformed cells by DNA-DNA hybridization on a nitrocellulose filter as described previously (15, 35) . Briefly, high-molecular-weight cellular DNAs from Gpt+ cell clones were digested with EcoRI, electrophoresed on a 1.2% agarose gel, denatured, and transferred to a nitrocellulose filter by the method of Southern (35) . After the DNA was immobilized, hybridization was performed with 32P-labeled gABA DNA prepared by nick translation (23) .
Detection of T antigen g by immunofluorescence. T antigen g was detected with serum from rats bearing HY cell tumors and with anti-rat immunoglobulin G rabbit immunoglobulin conjugated with fluorescein isothiocyanate as described previously (33) . Nuclease SI mapping of cytoplasmic RNA from Gpt+ KB cell clones. Nuclease S1-mapping was carried out as described previously (3, 25, 26, 29, 31 (Fig. 1) . The digestion of gABA DNA with both EcoRI and BamHI resulted in the labeled Adl2 EcoRI-C fragment and the labeled fragment of pSV2-gpt DNA which contained the gpt sequence and no Adl2 sequence. The former fragment was used as a probe for the Adl2 sequence, and the latter fragment was used as a probe for the gpt sequence. Cytoplasmic RNA extracted from dl312-infected Gpt+ cell clones was hybridized with the 32P-labeled Ad5 whole DNA as a probe. After digestion with nuclease S1, hybrids were analyzed by neutral and alkaline gel electrophoresis and autoradiography.
RESULTS
Establishment of KB cell clones expressing the Adl2 ElA gene. To establish human cell clones expressing the Adl2 ElA gene, three types of recombinant DNAs containing the Adl2 ElA gene were constructed with the use of a dominant selection vector, pSV2-gpt (17, 18) (Fig. 1 (Fig. 2) .
The Adl2 ElA gene product, T antigen g, was detected by immunofluorescence in all Gpt+ Ad' cell clones complementing the growth of d1312 (Fig. 3) . The hybrids were electrophoresed in neutral and alkaline agarose gels (Fig. 4 and 5) . With pSV2-gpt DNA as a probe, a major RNA species of 1,800 nucleotides (1,130 and 660 nucleotide exons) was detected in all Gpt+ KB cell clones (Fig. 4) . Extra bands with different lengths from the gpt transcript were observed in ElA-3 and El-1 cell clones (Fig. 4 , tracks 2 and 6). With the Adl2 DNA as a probe, two major RNA species of the ElA gene having 840 nucleotides (530 and 310 nucleotide exons) and 930 nucleotides (620 and 310 nucleotide exons) were detected in all Gpt+ Ad' cell clones (Fig. 5) . A major RNA species of the EBB gene, of 2,220 nucleotides (1,760 and 460 nucleotide exons), was detected in El-1, El-7, and ABA-42 cell clones (Fig. 5) .
In El-9 cell clones, transcripts from the ElA gene were detected, but transcripts from the ElB gene was not.
In these Gpt+ Ad' cell clones, the growth of Ad5 deletion mutants and of WT Ad5 and Adl2 was examined quantitatively ( Fig. 6 ) of dl312 were detected in the ElA, El and ABA cell clones and in 293 cells (Fig. 6 , tracks 3 through 9) but not in control KB cells (Fig. 6, track 1) . The E3 (Fig. 1) . In gABA DNA, a ClaI site and two EcoRI sites are present. One of the EcoRI sites in the plasmid pBR322 sequence is so close to the ClaI site that only two bands can be identified upon digestion of gABA DNA with these enzymes (Fig. 1) . ElA (27) . The cell clones of E1A-7, El-1, and El-7 at the 30th passage in the nonselective medium showed no band containing transfecting DNA sequences. The cell clones of ElA-5, El-1, and El-7 at the 30th passage in the selective medium showed increases in the number of bands. These results indicate that the transfecting DNA sequences are present in an unstable state and prone to be deleted or rearranged during passages in culture.
Cytoplasmic RNAs from these ABA-40 and ABA-46 cell clones were analyzed by S1 nuclease mapping with the Adl2 EcoRI-C fragment (0 to 16.4 map units) and the pSV2-gpt DNA from gABA as probes. The result in neutral gel is shown (Fig. 7) . The transcript of the gpt gene, 1,790 nucleotides long (1,130 and 660 nucleotide exons), was detected in both cell clones at the 6th and the 30th passages in the selective medium. Transcripst of irregular size were also detected in the ABA-40 cell clone (Fig. 4 and 7) . In the ABA-40 cell clone at the 30th passage in the nonselective medium, the transcript of the gpt gene was not detected. With the Adl2 EcoRI-C fragment as a probe, two major ElA RNA species of 840 nucleotides (530 and 310 nucleotide exons) and 930 nucleotides (620 and 310 nucleotide exons) and an ElB RNA species of AdS ElA gene, which enhances the expression of AdS early genes other than the ElA gene (2, 13) . However, the analysis of the mutual regulation is difficult in lytically infected cells because multiple viral early genes are expressed simultaneously or sequentially and patterns of early viral gene expression are complicated. To overcome this difficulty, we introduced Adl2 early genes into cells either singly or in combination in a form of a recombinant DNA. We introduced Adl2 ElA and E1B genes into KB cells with plasmid pSV2-gpt as a vector because the vector does not require any mutant cell line for the selection of transformed cells (17, 18) . We used KB cells as hosts because they are widely used in lytic infection with Adl2. The Adl2 ElA gene has been known to complement the Ad5 EtA gene (4, 24, 32, 38) .
Three kinds of recombinants shown in Fig. 1 Ne ut ral (Fig. 1) . In gABA DNA, the Adl2 gene is inserted at the same site in the orientation opposite that of the gpt gene. Since gABA DNA is transfected after linearization with ClaI, the distance between the SV40 72-bp repeat and the Adl2 ElA promoter is about 11,000 bp. The Adl2 ElA promoter in gABA is therefore separated from the SV40 72-bp repeat by a distance seven times longer than that in gARC and gAElA DNAs. These results suggest that the inefficient expression of Adl2 genes in gABAtransformed cell clones is due to the longer distance between the SV40 72-bp repeat and the Adl2 ElA promoter and that the 72-bp repeat exerts an enhancing effect in the integrated state in the cellular DNA. However, the possibility that the infrequent expression of Adl2 genes in gABA DNA is due to 
